The green sulfur bacterium Chlorobium phaeobacteroides forms a dense population in the oxygendevoid layers of Lake Kinneret, Israel, from July throughout November. The typical vertical distribution of the species is characterized by a prominent peak at the center of the metalimnion, but the light available at that depth in Lake Kinneret is far below the values that enable maximal photosynthetic activity of C. phaeobacteroides. In this paper, we report on our findings regarding the characteristics of C. phaeobacteroides development in Lake Kinneret, both in space and time. We further quantified the available light in the metalinmion and suggest a model for the development of C. phaeobacteroides in the lake. Spatial analysis of C. phaeobacteroides suggest that a combination of diurnal north-west wind, diurnal oscillations of the metalimnion and the hours of sunlight result in a situation in which the metalimnion in some parts of the lake is exposed to slightly higher light intensities than the other parts of the lake, and therefore allows higher concentrations of C. phaeobacteroides to develop. The analysis of C. phaeobacteroides with time suggests that it can be described fairly well by the logistic growth model.
I N T RO D U C T I O N
The capability to photosynthesize in anoxic environments has probably evolved in several bacterial lineages, and the group defined operationally as "anoxygenic photosynthetic bacteria" encompasses a diverse group of organisms. Different lineages diverge in structural details, such as the cellular components involved in the build-up of the light harvesting machinery, pigment suite and heterotrophic activity and in physiological adaptations, e.g. tolerance to the presence of oxygen or light requirements. The issue of light is particularly interesting in the case of strict obligatory anoxic photosynthesizers, as these bacteria are almost by definition limited to deep layers, where light is a scarce resource. Yet, coupling of extremely low light input with very high bacterial densities is by no means exceptional (Takahashi and Ichimura, 1968; Bergstein et al., 1979; Overmann et al., 1992; Borrego et al., 1999) .
The notion that the light prevailing in the metalimnion of Lake Kinneret (Israel, Fig. 1 ), where high densities of Chlorobium phaeobacteroides are found, is not sufficient to sustain appropriately high photosynthetic activity was already postulated by Bergstein et al. (Bergstein et al., 1979) . The authors argued that internal wave (seiche) activity periodically brings parts of the metalimnion closer to the surface, where cells experience a relatively high irradiance. This argument, however, has never been tested experimentally. Therefore, the objective of this study was to investigate and quantify the relationship between internal waves, light availability in the metalimnion and the spatial and temporal variations of the C. phaeobacteroides population.
Recent studies of Lake Kinneret physical processes (Antenucci et al., 2000; Hodges et al., 2000; Laval et al., 2003) have revealed much about the vertical displacement of the thermocline and the metalimnion in the lake. During the summer months a daily north-western wind, caused by the Mediterranean Sea breeze ($10-15 m s
21
), is applied to the surface of the lake and usually peaks at 15:00. This wind is sufficient to cause piling-up of surface water at the downwind end of the lake. This pressure force is balanced by tilting of the metalimnion in the opposite direction, which is lower at the downwind end. At the same time, the metalimnion at the upwind end of the lake (usually the north-west part) tends to rise up. When the wind forcing relaxes, the water surface oscillates, as does the metalimnion. Antenucci et al. (Antenucci et al., 2000; Antenucci and Imberger, 2003) demonstrated that internal waves in the lake act at a wide range of frequencies ranging from 24 h cycles down to high frequency waves occurring at a frequency of 2 -3 min. The result of these internal wave motions is the vertical displacement of the metalimnion. Furthermore, in field experiments during the summer of 1998 (Antenucci et al., 2000; Hodges et al., 2000; Antenucci and Imberger, 2003) and during the following years, the three-dimensional nature of the temperature distribution in the lake was revealed. It was found that the degree of the vertical displacement of the metalimnion varies spatially in the lake. For example, during May -June, the displacement amplitude was only 1 -3 m at Station A (a sampling station located at the deepest point, 42 m, in the center of the lake, Fig. 1 ), but were significantly larger (sometimes bigger than 10 m) in shallower regions several kilometers from the center of the lake (for example, Station F at depths of $20-25 m, $6 km north west to Station A, Fig. 1 ). It was also found that the deepest point, Station A, acts as a node for the rotation and movement of the large-scale internal waves.
Following these findings, it was expected that C. phaeobacteroides populations located at shallower sites, where the vertical displacement of the thermocline is high, should be exposed to higher light intensities than those located closer to the deepest part of the lake. It was further suggested that in the deeper parts of the lake, the low light intensity is not sufficient to sustain the observed density of C. phaeobacteroides. However, it was hypothesized that the high density could be sustained in the center of the lake due to cell division taking place in the shallower parts of the lake and the cells then being transportated to the deeper regions, by the horizontal motion of the water mass (Bergstein et al., 1979) .
In this paper, we report on our measurements and analysis regarding the characteristics of C. phaeobacteroides development in Lake Kinneret, both in space and time. We quantified the spatial variation of C. Phaeobacteroides, calculated the available light in the metalimnion and suggest a model for the seasonal development of C. phaeobacteroides in the lake.
M E T H O D S
In this section, we describe all the monitoring and measurement methods that we used in this project and describe the mathematical tools that we used to evaluate: (i) the radiation reaching the metalimnion and (ii) the dynamics of C. phaeobacteroides with time.
Sampling and in situ analysis
Spatial distribution of C. phaeobacteroides was investigated in 2005, and time series of its development were monitored during the summer of 2006 using fluorescence as a measure. Field sampling also included measurements of water temperature and short wave radiation.
Spatial distribution surveys
The distribution of phytoplankton was measured by a submersible multi-channel probe (FP = Fluoro Probe, bbe Moldaenke, Kiel, Germany), capable of recording fluorescence emitted by vegetative cells. It is designed for the estimation of phytoplankton density and the recognition of several algal groups, based on their accessory pigments (Beutler et al., 2002) . The discrimination of algal groups is based on accessory pigment activity and is calibrated by the instrument manufacturer to recognize four groups: chlorophytes, chlorophyll c-containing algae (e.g. diatoms, dinoflagellates), cryptophytes and cyanophytes. We re-calibrated the instrument with algal strains isolated from Lake Kinneret, as the calibration supplied did not yield satisfactory results, and added another color group of phycoerithryn-containing cyanophytes. It seems that calibration for a particular study location is mandatory for the generation of reliable data (Leboulanger et al., 2002) . In the surveys conducted in Lake Kinneret from July throughout September 2005, the presence of chlorophyll c-containing algae was detected. The highest signal was located in the metalimnion, which does not seem to fit with the known distribution of algae within the water column of Lake Kinneret. On the other hand, it was repeatedly found that the green sulfur photosynthetic bacterium C. phaeobacteroides forms a dense population in the metalimnion in the lake. Separation of pigments by highpressure liquid chromatography (details below) showed that the population identified by the FP was composed almost solely of bacteriochlorophyll e (BChl e)-containing cells, the major pigment of C. phaeobacteroides. We explain the recognition of C. phaeobacteroides as chlorophyll c-containing algae on the basis of similarity of part of the absorption spectrum of pigments. Chlorobium phaeobacteroides absorption maxima in vivo are at 460, 526 and 722 nm. The most abundant carotenoid of diatoms, fucoxanthin, displays maximum absorption, in ethanol extract, in the ranges of 447 -451 and 465-470 nm, and the most abundant carotenoid in dinoflagellates (abundant in Lake Kinneret) is peridinin with an absorption maximum of 472-475 nm in ethanol (Rowan, 1989) . Light-harvesting carotenoids such as fucoxanthin and peridinin have in vivo spectra shifted by $40 nm to longer wavelengths relative to their spectra in organic solvents (Kirk, 1994) . We, therefore, assume that C. phaeobacteroides absorption maxima at 460 and 526 nm coincide with diatom and dinoflagellate carotenoid peaks, which are most likely, located at about 490 and 510-515 nm, and thus result in the FluoroProbe software recognizing the presence of C. phaeobacteroides as chlorophyll c-containing algae. We also found that the C. phaeobacteroides layer was distributed throughout the lake and centered approximately at the thermocline.
Two surveys in Lake Kinneret are reported. The first survey was conducted during 27 September and the second during 11 October 2005. Each survey of this medium-size water body (surface area of $170 km 2 ) was carried out by deploying the FP at 31 stations ( Fig. 1 ) and was usually accomplished within 4 -5 h. At each station, the FP recorded the depth and temperature along with the concentration of five groups of phytoplankton in each point (in 10 -50 cm intervals) along the measured profile (Fig. 2) .
The data recorded by the FP were used for calculation of the vertical profiles of phytoplankton.
Continuous measurements of chlorophyll fluorescence at Station A
A commercially made water column profiling unit (Remote Underwater Sampling Station, RUSS, Apprise Technologies) was operated on a "ecological monitoring raft" (ECORAFT; Wagner et al., 2005) . The RUSS is equipped with a set of YSI probes, capable of automatic in situ monitoring of depth, temperature, conductivity, dissolved oxygen, pH, chlorophyll fluorescence and turbidity. It is usually programmed to conduct four profiles daily at 2 m depth intervals between 3 and 39 m. Data collected by the RUSS profiling unit are sent by telemetry to a computer in near real time. An automatic water sampler designed and manufactured at the Kinneret Limnological Laboratory automatically collected water from different depths at prescribed times into sample bottles that are stored refrigerated on the raft, until a boat arrives to transport them to the lab for further chemical or biological analyses.
In order to achieve a coherent continuous chlorophyll record, post-calibration is required. This is done regularly by comparing the RUSS data with weekly chlorophylls determined on 10-12 discrete depth water samples, covering the full water column, using acetone extraction and a fluorometer (Usvyatsov and Zohary, 2006) . After post-calibration, the continuous chlorophyll record documents the major events in phytoplankton abundance, seasonal succession, depth-distribution and vertical migration. The fluorescence signal recorded by the RUSS probe is the result of chlorophyll a (Chl a)-containing algal and cyanobacterial cells and also by BChl e-containing C. phaeobacteroides. We used highperformance liquid chromatography (HPLC) to measure the proportion of BChl e in the fluorescence signal. For pigment analysis, water samples were taken from several depths with a 5 L Aberg-Rodhe sampler, at the pelagic sampling Station A. Duplicate subsamples of several hundred milliliters were filtered onto GF/C filters and stored in the dark at 2188C until processing, which occurred within a week of collection. Extraction was carried out in 90% acetone, and subsequently the extract was filtered onto a GF/F filter prior to injection. This extract was then separated by reverse-phase HPLC. We used a C-18, 25 Â 4.6 mm (Alltech) Spherisorb column. Two solvents were used in the system: solvent A consisted of 30% 1 M ammonium acetate (Sigma) in double-distilled deionized water and 70% methanol (HPLC grade, Bio Lab, Israel); solvent B consisted of 30% ethylacetate (HPLC grade, Bio Lab) and 70% methanol. The solvent program showed a linear increase in solvent B from 20 to 60% in 7 min, a hold at 60% for 5 min, a linear increase in solvent B from 60 to 100% from 12 to 20 min, followed by a hold at 100% solvent B for 20 min. The spectral data of the separated peaks and their retention times were used as the parameters for peak identification using published data (Borrego et al., 1999; Jeffrey et al., 1997) . HPLC analysis showed that BChl e was composed of homologs. They were identified as BChl e 2 , BChl e 3 and BChl e 4 (C. Borrego, personal communication) and showed stable ratios seasonally and were not related to sampling depth in the metalimnion. The quantification of the chromatograms was facilitated by injection of known pigment concentrations into the HPLC system and calculating the response factor based on the area under the peak. 
Light measurements
Light was recorded at a meteorological station located near the northwestern shore of Lake Kinneret at 10 min intervals. Incoming shortwave radiation (SWR, 305-2800 nm, W m ) was measured by LI-190 Quantum sensor (LICOR, Lincoln, NE, USA). We found a significant linear relation between SWR and PAR (PAR=a Â SWR + b, where a = 1.716 + 0.0034; b = 211.59 + 1.32; r 2 = 0.967; N = 9000), and used this relationship to calculate PAR whenever SWR was the only source for estimation of solar input.
Integration of available radiation in the metalimnion
Since the population of C. phaeobacteroides is located in the metalimnion and cannot survive in oxygenated water (above the upper metalimnion), we adopted a procedure in which the cumulative radiation that reached the metalimnion was calculated. SWR (I) penetrates the water and decreases with depth according to the Beer-Lambert law, such that:
Iðz; tÞ ¼ I 0 ðtÞ expðÀK d zÞ ð 1Þ ). Assuming that K d is constant with depth throughout the epilimnion and that during the C. phaeobacteroides bloom the light vanishes in the metalimnion, the cumulative radiation energy (E C ; units: J m
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) that penetrates into a depth below the upper metalimnion during the time increment Dt = t 1 2t 0 is given by the integration (Fig. 3) :
Most critical for the application of the integral [equation (2)] to the metalimnion is the definition of the thermocline depth (z = Z t ) as well as the upper (Z u ) and lower (Z b ) borders of the metalimnion. Following the procedure proposed by Rimmer et al. (Rimmer et al., 2005) , an empirical equation
was successfully applied to each lake temperature profile. In equation (3), T(z) is the temperature at the depth z, T h the minimal hypolimnetic temperature, T e the temperature of the upper 1 m of the surface layer, a (m
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) a curve-fitting parameter that determines the depth of thermal stratification and n (dimensionless) a curve-fitting parameter that controls the steepness of the temperature gradient in the transition layer between the epilimnion and the hypolimnion.
Following Hutchinson (Hutchinson, 1957) , the vertical position of the thermocline was defined as the plane where d 2 T/dz 2 =0. Combining this with equation (3), the depth Z t of the thermocline can be evaluated using the analytical expression:
By using the further development of this approximation (Rimmer, 2006) , the upper (Z u ) and lower (Z b ) borders of the metalimnion were defined as: A. RIMMER ET AL. j LIGHT AVAILABILITY FOR C. PHAEOBACTEROIDES and the metalimnion width could therefore be determined by (Z b 2Z u ).
Further, an algorithm of light integration with depth was developed. This algorithm combines both temperature profiles from the measurement devices (to delineate the limits of the metalimnion) and SWR measurements, to calculate integrated radiation energy within prescribed depths and time period. First the algorithm uses equations (3) -(5) to calculate the lower and upper borders of the metalimnion, then it uses equation (1) to evaluate the radiation over the depth of the lake in general and the metalimnion in particular, and finally it integrates the radiation over the depth Z u in time [equation (2)]. The application of this procedure was demonstrated (Fig. 4) 
Modeling the C. phaeobacteroides dynamics
Consider the classical population growth model (Pianka, 2000) ,
where in our case C (mg m 22 ) stands for the integration of BChl e over a metalimnion region, r (day 21 ) defines the net growth rate and is interpreted as a difference between BChl e intrinsic increase rate (b r ) (i.e. C. phaeobacteroides cell division rate) and intrinsic BChl e disappearance rate (m r ) from the water column, via predation (Gophen et al., 1974) , possibly lysis, and sedimentation. The model will be applied to BChl e, as a proxy for population abundance of C. phaeobacteroides in the metalimnion. The use of the major light harvesting pigment as a proxy for estimation of biomass of a photosynthetic organism is a common practice in aquatic ecology. In oxygen-evolving photosynthetic organisms, i.e. cyanobacteria and algae, the pigment is Chl a (Kirk, 1994) . In anoxygenic photosynthetizers, the major light harvesting pigments are bacteriochlorophylls and are used as a proxy for biomass (Schanz et al., 1998; Manske et al., 2005) .
Assuming that the net growth rate r depends on population density,
where r 0 = b r is an initial net growth rate and (r 0 /K) Â C = m r is the disappearance rate. The combination of equations (6) and (7) results in the Verhulst logistic model of population growth.
The general solution to this equation is the logistic function:
with C 0 the initial integration of BChl e over the metalimnion. The parameter K is the steady-state limit of population growth or decline, known as the carrying capacity. It is usually interpreted as the amount of resources, expressed by the number (or concentration) of organisms that can be supported by these resources. At very low densities (C ,, K), the population growth rate is maximal and approaches r 0 . The parameter r 0 can therefore be interpreted as the intrinsic population growth rate in the absence of intra-specific competition for light and nutrients. In equation (7), population growth rate declines linearly with population concentration, C, and reaches 0 when C = K. If C . K, population growth rate becomes negative and population abundance decline. (4) and (5)].
R E S U LT S A N D D I S C U S S I O N Spatial distribution
The FP results obtained at 20 stations were used to investigate the vertical and horizontal distribution patterns of C. phaeobacteroides. The depths of the other 11 stations were too shallow to encompass the metalimnion. At each of the 20 stations in the central part of the lake (see polygon in Fig. 1) , the maximum and integrated C. phaeobacteroides concentration was detected within the metalimnion (Fig. 2) , and horizontal interpolation revealed the lake wide distribution of C. phaeobacteroides (Fig. 5) .
The two surveys revealed strong negative correlation between BChl e maximum concentration (mg m 23 ) and the depth (m) of this maximum (Fig. 5) . During 27 September, the maximum concentration was in the range of 15-60 mg m 23 and decreased to 15 -35 mg m 23 in 11 October, while the depth of the maximum concentration ranged from 15 to 20 and 17 to 21 m, during 27 September and 11 October, respectively. Higher BChl e concentrations occurred at shallower depths. Moreover, in both cases, the maximum concentrations and the shallower depths were restricted to the north-west quarter of the lake. We suggest that the reason for this negative correlation, and the location of high BChl e concentrations, is higher light availability in the metalimnion, in the north-west part of the lake during a long enough period of time (such that allows the difference in BChl e concentration to be detected). It is therefore proposed that the combination of light availability during day time and the diurnal $24 h internal waves cause the metalimnion to be on the average $1 m higher during day time at the same location in this part of the lake. We further assume that C. phaeobacteroides development was not limited by sulfide availability. Sulfide concentrations were not measured simultaneously, but measurements done a week prior to and after the sampling showed an increasing concentration from metalimnion top towards bottom, from 0.05 to 0.26 mM. The minimal value at the top of the metalimnion was above the growth-limiting concentration for C. phaeobacteroides in Lake Kinneret put at 0.03 mM (Bergstein and Cavari, 1983) . Sulfide concentration also increases in the anoxic water layers in Lake Kinneret, but this increase was not accompanied by a simultaneous increase in the concentration of BChl e in this study, and also not in previous years (Eckert et al., 1990) . In the typical PAR transmission calculations (Fig. 4) , we assumed a vertical light attenuation coefficient K d = 0.5 m 21 , which is close to the multiannual average for this period (Yacobi, 2006) . It shows that PAR at the top metalimnion during the peak radiation is $0.8 micromole s 21 m
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. In this example, the accumulated PAR absorption during time for the entire metalimnion is $20 milimol day 21 . The same analysis on continuous temperature measurements in Station A, for the same time period, did not reveal a clear difference between the available light at Stations A and F, although it was obvious that vertical fluctuations at Station F were notably larger.
Thus, during the period of July -October, (days 182 -304 of the year, DY) when C. phaeobacteroides usually forms dense stable populations, light intensity in the metalimnion was very low everywhere. During this period, the typical average depth of the upper metalimnion moves from 13 to 17 m, and its vertical oscillations are quite moderate. Already Antenucci and Imberger (Antenucci and Imberger, 2003) found that large internal wave oscillations in Lake Kinneret are subject to the evolution of wind/internal-wave resonance, and the typical times for this are around DY 100, 160 and 320, prior and after the C. phaeobacteroides period. However, it is proposed that during the period of JulyOctober the combination of diurnal north-west wind, diurnal oscillations of the metalimnion and the hours of sunlight forms a situation in which the metalimnion in the north-west part of the lake is exposed to slightly higher light intensities than the other parts of the lake. The observed spatial variations in C. phaeobacteroides abundance in the methalimnion can be partly responsible for the lateral changes in BChl e concentrations in the uppermost layer of bottom sediments reported earlier by Ostrovsky and Yacobi (Ostrovsky and Yacobi, 1999) .
Time variations of C. phaeobacteroides at Station A When the measured fluorescence signal from the RUSS, from 30 June (DY 180) to 17 October (DY 290), was plotted versus depth and time (July -September 2006, Fig. 6a) , it showed that the highest intensity appeared within the metalimnion. The intensity of the signal recorded by the fluorometric sensor of the RUSS correlated linearly fairly well with the concentration of BChl e, determined by HPLC (BChl e in mg m 23 = a 1 Â RUSS + a 2 ; a 1= 0.907 + 0.107; a 2 = 1.43 + 0.734939; r 2 = 0.76; n = 24; P , 0.01), but it is reasonable to assume that fluorescence emitted by algal Chl a also contributed to the signal recorded at every depth.
We assumed that the BChl e of C. phaeobacteroides may be separated from the signal affected by algal Chl a with an empirical line that takes into account the distribution of Chl a above and below the metalimnion (Fig. 7) . Since C. pheobacteroides is an obligatory anaerobe, it can exist only below the epilimnion. We considered the signal at the bottom of the epilimnion as representing the signal devoid of C. phaeobacteroides and assumed that the same intensity within the hypolimnion is the lower limit of C. phaeobacteroides distribution. We are aware of the possibility of finding C. phaeobacteroides in the deeper part of the hypolimnion; consequently, our estimations of C. phaeobacteroides density are minimum values. HPLC analysis of the pigment content in the metalimnetic layers justifies such an approach, as it shows that the proportion of Chl a to the bulk of the chlorophyllous substances in the metalimnion is roughly equal to its concentration at the base of the epilimnion. After removing this "background" impact of algal Chl a from the RUSS fluorescence signal measurement, the signal is reduced and attenuated to a narrow layer within the metalimnion (Fig. 6b) . We assume that the refined signal is a representative of BChl e concentration in the water, thereby integration of the "chlorophyll" signal within the metalimnion indicates the amount of C. phaeobacteroides in the entire water column (Fig. 8) . Based on the data of C. phaeobacteroides density fluctuations with time, we attempted to model the development of this conspicuous species in Lake Kinneret using the logistic model.
Application of the logistic model to the evolution of C. phaeobacteroides
The light available at the top of the metalimnion in Lake Kinneret is far below the values that enable maximal photosynthetic activity of C. phaeobacteroides (Bergstein et al., 1979) . It should be noted that suboptimal light availability and high densities of C. phaeobacteroides were reported in most cases when the organism was investigated in nature (Repeta et al., 1989; Garcia-Gil, 1995, 1997; Manske et al., 2005) . In the following logistic model application, we suggest some explanation of the C. phaeobacteroides development in time, especially with regard to light availability and anoxygenic conditions. Note, however, that the proposed simple model is insufficient to distinguish between heterotrophic or autotrophic growth mechanisms.
In the application of the logistic model to the chlorophyll signal of C. phaeobacteroides population in the metalimnion, we distinguish between three stages of population development (Fig. 9 ).
1. Population increased as long as C , K and reaches a plateau, forming an S shape known as the logistic curve. During this first stage, starting at the end of June (Fig. 9a) , the population of the anoxygenic C. phaeobacteroides begins to grow at the moment of the initiation of anoxic conditions within the metalimnion (for oxygen distribution in Lake Kinneret; see, for example, Fig. 2 in Rimmer et al., 2006) . C 0 = 3.38 mg m 22 was significantly smaller than ) at the middle of July. During this stage, the division rate b r = 0.97 day 21 (Fig. 9b) was under optimal conditions, whereas the disappearance rate m r started at 0 and increased up to its maximum (m r = 2b r = 20.97 day 21 ), as a result of intensification of inter-specific and intra-specific competition for light and nutrients. 2. Population remained steady while C = K = 63.5 mg m
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. During this period of equilibrium (mid-July till the end of August), the reproduction and disappearance rates are balanced, while any small disturbances in population parameters disappeared, causing the population to fluctuate around equilibrium abundance.
3. Population decreased as long as C . K, until it reached a plateau. We assume that during this stage, starting at the beginning of September (DY $248) and continue in DY $270 (Fig. 9a) , a critical condition had changed ( probably light availability) and caused immediate changes in both r 0 and K. We found empirically that r 0 declined to 0.37 and 0.00041 day 21 and K declined to 36.3 and 0.15 mg m 22 at days $248 and $270, respectively. Thus, C 0 = 63.5 . K from DY $248, and C 0 = 36.3 . K from DY $270.
Although we used the same expression [equation (4)] to model the C. phaeobacteroides population through the entire period between DY 180 and 280, this time range is divided into three periods (270) (271) (272) (273) (274) (275) (276) (277) (278) (279) (280) , in which the parameters of the model were different. The interpretation of such a change in the model parameters is that there were drastic alterations in the conditions for C. phaeobacteroides development.
It is suggested that the gradual deepening of the metalimnion resulted in the reduction of the light intensity that reached it, and therefore contributed to the disappearance of C. phaeobacteroides. Detailed analysis of the surface light intensity, and in the metalimnion during July -August -September (DYs 180-270), was conducted by using the algorithm that was described in equations (1)-(5). It shows a reduction in the maximal SWR over the lake surface from $1000 to $860 W m
, whereas at the metalimnion, light intensity reduced from $1.7 to $0.5 micromole m 22 because of the increasing depth of the metalimnion. Daily summation (Fig. 10 ) resulted in a decline in radiation at the surface from $28 to $21 MJ m
, whereas at the depth of the metalimnion, the reduction of daily light reduced from $40 to 10 millimole m 22 . We assume that BChl e started to reduce significantly when daily available light reduced below $12 millimole m 22 . Our final conclusions from this qualitative study are: although during the presence of C. phaeobacteroides in the lake, internal waves are quit small (amplitude is usually less than $2 m), the existing internal waves are significant to the spatial distribution of the C. phaeobacteroides. The analysis with time suggests that the population of the C. phaeobacteroides begins to grow during the initiation of anoxic conditions within the metalimnion. During the first stages the population nearly doubles each day, while disappearance rate increase gradually, until they are balanced. Chlorobium phaeobacteroides disappears when the deepening of the metalimnion caused a reduction in the light intensity below $12 millimole m 22 day 21 , which probably marks the crucial need for this organism.
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